A LTHOUGH the ability of surgical treatment to relieve hypertension in many patients with renal arterial stenosis is well recognized, there has been no report of the effectiveness of antihypertensive drugs in controlling this type of hypertension.
This report describes our 6 years' experience with the treatment of hypertension associated with renal arterial disease. It gives the results of surgical therapy, the usefulness of antihypertensive drugs in patients not operated upon, the operative mortality, and the relationship between later deaths and persistent hypertension.
Clinical Material and Methods
This evaluation is based on 131* of the 139 patients used in an analysis of the diagnostic features of renal arterial diseases.' Of the remaining eight patients, one died of uremia due to bilateral renal arterial thrombosis a few days after admission to the hospital and seven cannot be traced.
In each patient the diagnosis of arterial stenosis was rnade by translumbar renal angiography. The diagnosis was confirmed at operation in those treated surgically and, in those treated medically, was often supported by evidence of disparity in function of the two kidneys.
Of the 131 patients, 99 were operated upon and 32 received drug treatments. The latter do not serve as a control group for assessment of effectiveness of surgical therapy as they usually had problems not encountered in patients selected for operation. Except for the 10 who died immediately postoperatively, and the few who died in the subsequent 12 months, all patients have been followed for at least a year, and some for as long as 6 years, after surgical treatment or institution of drug therapy.
Arterial pressure responses to surgical treatment were classified into the following categories; normal arterial pressure, residual systolic hypertension, arterial pressure (systolic and diastolic) decreased, and arterial pressure unchanged. In each patient the blood pressure level achieved by treatment was compared with the estimated normal level for the patient's age and graded accordingly. The normal values used in this comparison were obtained from the Masters, Dublin, and Marks tables for adults2 and the Graham, Hines, and Gage tables for ehildren,3 which contain ilmeans and ranges for normal systolic and diastolic pressure, in 1-to 5-year groupings, from ages 5 to 70 years. This method of grading is different from the one used previously4 in which we arbitrarily set the upper limit of arterial pressure at 150/95, regardless of the patient's age. About half of the surgically treated patients in this study have been reported before4-6 and responses to treatment were graded by the old m-ethod. Now, the results in these patients are presented with regard to age; thus, some of the older patients previously considered to have residual systolic hypertension are classified as normotensive and some patients under 20 years who had been judged to have normal pressure have been classified as "arterial pressure deereased."
Pretreatment arterial pressure levels were obtained from hospital readings except for the relatively few patients in whom several weeks or months of home readings were available. Responses to treatment were assessed from offiee and home nmeasurements and from readings taken during hospital re-evaluation visits. For each patient as many readings after treatment as possible were collected; systolic and diastolic averages were obtained and these were used in grading of response. Arterial pressures taken duringo the postoperative hospital convaleseent period were not used in judging therapeutic response. In a few patients, recurrence or development of renal arterial disease postoperatively resulted in relatively short periods of blood pressure reduction followed by return of hypertension. These patients were included in the study if the reduction lasted for at least a year.
Surgical Treatment
In the 99 patients selected for surgical treatment, a variety of procedures was used for the relief of hypertension and the conservation of renal function. In the early years, when the need for renal-conserving operations was not so apparent and revascularization technics were not so well developed, the primary goal was relief of hypertension, and nephrectomy seemed the procedure of choice.
Recently, renal function has been conserved whenever possible by surgical procedures used to eliminate or bypass obstructing lesions7 and establish normal relationships of renal blood pressure and flow. Generally speaking, surgical treatment seems indicated in patients well enough to withstand operative procedures and young enough to obtain long-range benefit from them.
The patients operated upon ranged in age from 18 terns of renal function have prognostic value, since in their patients who had positive "Howard tests," (at least 50 per cent reduetion in urine flow and a 15 per cent reduction in urine sodium concentration on one side) operations relieved the hypertension. In our study, however, results of function tests of individual kidneys were not helpful in predicting therapeutic success (table 5), although they were often of value in the preoperative evaluation. Patients with braneh arterial lesions, which only reduced urinary flow, had as much benefit from operation as those with unilateral main arterial stenosis, which reduced both urinary flow and sodium concentration.
The arterial pressure levels during the first and second weeks postoperatively were help- ful in predicting the final response. Table 6 details these findings in a representative 14 patients of the 44 "cured " of hypertension and in 18 who did not respond favorably. The 14 patients representative of the group of responders were chosen for presentation because the control periods were sufficiently long to eliminate completely the possibility that arterial pressure responses to surgical treatment were spontaneous changes. In 12 of the 14 " cured " patients, blood pressure fell abruptly to normal levels during the first week after operation; where second week averages were available, they showed no change from those of the previous week. In the other two patients, arterial pressures during the first week, although reduced, were not normal but became so during the second week. In contrast, 14 of 18 "non-responders" had only negligible changes in pressure in the 2 weeks postoperatively; the other four did become normotensive during the first week and showed only a slight rise in arterial pressure during the second week. Thus, in the 14 "cured" patients the eventual good response was predictable during the first 2 weeks after operation and, similarly, in 14 of 18 nonresponders the failure of response was evident at that time.
Circulation, Volume XXVII, June 1963 We have been able to follow the natural history of renal stenosis in a few patients. Appearance of new lesions or increase in severity of those known to be present has been called "progression." This was observed in seven patients (table 7) ; four were middleaged men with atherosclerosis which progressed within 2 years, and three were young women with non-atherosclerotic lesions which produced increasing stenosis in 3 to 4 years.
A problem seemingly unrelated to the natural course of these arterial diseases is the re-stenosis that developed at the site of arterial anastomosis in four young women with fibrotic lesions (table 8) . This seemed to appear more rapidly than the naturally occurring stenosis of this type of lesion for, with the exception of one patient, it became manifest between 3 and 9 months postoperatively. In each patient, progression or re-stenosis was suspected because of increase in arterial pressure.
Thrombosis of the renal artery can follow reconstructive arterial surgery; this occurred in six patients. In one it followed an endarterectomy, in another a spleno-renal arterial anastomosis, and in four arterial resection and anastomosis.
Medical Treatment
Operative treatment seemed contraindicated in 32 patients. They were older than those selected for surgical treatment, ranging in age from 37 to 73 years, and had been hypertensive for longer periods ( The benefit achieved from good blood pressure control is also evident from an analysis of the deaths. Ten patients died from the complications of atherosclerosis; nine of these were from the group of 18 in whom antihypertensive drugs were either ineffective or not given and the tenth patient was from the 14 whose diastolic pressure had been maintained at levels of less than 100 mm. Hg. This patient was a man of 64 years who was moderately azotemic and had sustained a stroke aind myocardial infarction just prior to diagnosis of occlusive renal arterial disease and subsequent institution of guanethidine treat- The results reported here show much better responses to surgical treatment of renal hypertension thani those described by Smith in 1948.14 This difference may be due to advances in radiographic technics, which have made possible more precise diagnosis.
Even though these technics have allowed diagnosis of a type of renal hypertension usually remediable by surgical treatment, there are patients in whom the hypertension is either unaffected or only moderately reduced. In our experience those who did not respond, generally, had been hypertensive longer than had those in whom diastolic hyperteinsioni reinitted; this has beeii Maxwell's experience as well." Among the 17 non-responders were seveni patients who for many years had beeni considered to lhave essential hypertension and the renal arterial disease probably represented premature atheroselero- sis. In such circumstances renal surgery could not be expected to eliminate hypertension. In the other patients who did not respond, it is possible that hypertension although initiated by a renal cause was maintained by a neurogenic mechanism such as MeCubbin, Green, and Page15 have shown occurs in chronic renal hypertensive dogs. There has been some speculation that in patients with unilateral renal arterial stenosis, development of nephroselerosis in the opposite kidney can maintain hypertension after the stenosis has been relieved. This suggestion arises from the work of Wilson In spite of the potential of re-stenosis, renal-conserving operations, rather than nephrectomy, are indicated whenever feasible. Because of the possible development of disease in the opposite renal arterial supply, it seems unwise to remove a kidney that is capa- Good arterial pressure control is apparenitly a factor in survival of patients with renal arterial stenosis just as in patients with the malignant phase of essential hypertension. 2 The late deaths that occurred in the surgically treated group were, for the most part, in patiemits whose arterial pressure had inot decreased. Of the conservatively treated patients there was a 50-per cent mortality among those in whom arterial pressure was imot controlled but a 7-per cent mortality among those in whom it was. Although the period of follow-up in these patients is relatively short, these differenees iii mortality suggest that control of blood pressure is helpful in slowing the progress of atherosclerosis.
Summary
Of 131 patients with hypertension and renal arterial stemmosis, 99 were treated either by nephrectomy or revascularization operations and 32 were treated medically. Antihypertensive effeets of surgical treatment were analyzed in 76 patients in whom operations had been performed 1 to 6 years before. Of the remaining 23, 10 
